Tensile, compression and fatigue tests were carried out on a commercially extruded Mg-Al-Zn alloy having an average grain size of about 15 mm. The tensile and compression tests at room temperature showed that the yield strength in tension was much higher than that in compression. The lower yield strength in compression resulted from its texture. The effects of the mechanical anisotropy on the fatigue behavior and its deformed microstructure were also investigated under a stress ratio of R ¼ 0:1 and À1. The fatigue strength, stress amplitude, at N ¼ 10 7 cycles under R ¼ À1 and 0.1 was about 120 and 90 MPa, respectively. The mechanical properties and the deformed microstructure observations indicated that the formation of deformation twins was related to the between maximum stress and the yield strength in tension and compression: the deformation twins were formed in the sample (maximum stress is higher than the yield strength) and showed no deformation twins in the sample (maximum stress is lower than the yield strength).
Introduction
Research of magnesium has increased to reduce the weight of components from economical and ecological points of view. There are many potential opportunities for the use of magnesium alloys in structural components for the automotive, railway and aerospace industries. This is not only a result of magnesium relatively low density, but is also a result of its good damping characteristics, dimensional stability, low casting cost and machinability. In order to use magnesium alloys in structural applications, their mechanical properties must exhibit good values to satisfy both reliability and safety requirements. It has been reported that wrought magnesium and magnesium alloys tend to be superior mechanical properties, i.e., strength, ductility and toughness, to cast magnesium and magnesium alloys. 1, 2) In magnesium, primary (wrought) processing, such as hot rolling and hot extrusion, gives rise to a strong basal texture. The basal texture affects the mechanical properties, because the critical resolved shear stresses for non-basal slips are much higher than that for the basal slip near room temperature. 3, 4) The extruded magnesium alloys, which have their basal planes parallel to the extrusion direction, also exhibit strong mechanical anisotropy; the yield stress in tension is higher than that in compression. [5] [6] [7] Many researchers have investigated the fatigue behavior of wrought magnesium alloys. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] The reports show the crack initiation and/or propagation mechanisms [9] [10] [11] [12] and the effect of microstructures such as grain size 12, 13) and texture 14, 15) on fatigue strength. Fatigue property is often evaluated with a stress ratio of R ¼ 0:1 or À1 during the cyclic-uniaxial test. Although the mechanical anisotropy of wrought magnesium alloys is assumed to influence the fatigue property and its deformed microstructure, they have not been investigated yet. Therefore, a commercially extruded Mg-Al-Zn alloy was used in this study to investigate the fatigue behavior under two kinds of stress ratio, R ¼ 0:1 and À1, and to observe the deformed microstructures of the fatigue tested samples.
Experimental Procedure
A commercially extruded Mg-3 mass%Al-1.0 mass%Zn-0.2 mass%Mn alloy (AZ31) with a diameter of 10 mm was used in this study. The alloy had an average grain size, d (¼ 1:74L: where L is the linear intercept size), of about 15 mm without any deformation twins. The mechanical properties in tension and compression were evaluated at an initial strain rate of 1 Â 10 À3 s À1 at room temperature. A tensile specimen with a gauge length of 10 mm and a gauge diameter of 2.5 mm and a compression specimen with a height of 8 mm and a diameter of 4 mm were machined directly from the extruded bar. These specimens had their tensile and compression axes parallel to the extrusion direction. A fatigue test was carried out under stress ratios of R ¼ À1 and 0.1 at a frequency of 20 Hz in laboratory air. Fatigue specimens with a gauge length of 8 mm and a gauge diameter of 4 mm were also machined from the extruded bar to make the applied stress axis parallel to the extrusion direction, according to a previous report. 15) Then, the specimens were prepared by polishing their surfaces to a mirror-like finish with emery paper and alumina paste. The deformed microstructures were observed by optical microscopy and an electron backscattered diffraction (EBSD) method. The EBSD analysis was performed with TexSEM Laboratories, Inc. software, and the sample preparations for EBSD of magnesium alloys are reported elsewhere. 20) 
Results and Discussion
Nominal stress and nominal strain curves for tensile and compression tests at room temperature are shown in Fig. 1 . The mechanical properties of each test are summarized in Table 1 . A comparison of the tensile and compression tests shows that the yield strength in tension is much higher than that in compression, and the significant strain hardening occurs during the compression test. The magnesium extrusions have strong texture, e.g., the basal planes lie parallel to the extruded direction. 21) In the compression test, f10 1 12gh10 1 11i hci-axis tension deformation twins are easily formed since the compression force is applied to the specimen perpendicular to the hci-axis. 3, 22) In addition, the large strain hardening during the compression test occurs from between dislocations and twins. This tendency of mechanical anisotropy has also been reported elsewhere. 6, 23) The S-N curves are shown in Fig. 2 . This figure shows that the knee point is confirmed in each stress ratio and the fatigue strength, (¼ a : stress amplitude is used in this study), at N ¼ where ys is the yield strength, UTS is the ultimate strength, is the elongation-to-failure and F is the fracture strength. Fig. 2 The S-N curves under the stress ratio of R ¼ 0:1 and À1. The back arrows are un-broken fatigue specimens. tion twins are recognized in the deformed sample, which is same as the optical image in Figs. 3 , and the presently observed deformation twins are mainly f10 1 12g deformation twins. The same type of deformation twins has been observed in the deformed samples after the tensile, compression and fracture toughness tests of magnesium alloys. 20, 24, 25) The deformation twins also exist near the fracture region, [25] [26] [27] and it has possibly been considered as the origin of crack. 3, 22) This occurred in the boundary structures, since the boundary between the deformation twins and matrix cannot accumulate a large strain compared to the conventional grain boundary.
Thus, in the fatigue test, the crack initiation/propagation and fatigue behavior is assumed to be related to the formation of deformation twins, although the role of deformation twins during the fatigue test should be investigated in more detail.
The difference between the yield strength in tension and compression of wrought magnesium alloys is larger compared to that of the other conventional structural alloys, such as Al, Ti and Fe alloys, as shown in Fig. 1 . The mechanical anisotropy is supposed to be the influence to the fatigue behavior and its deformed microstructure. The maximum stress substituted for the stress amplitude to discuss about these effects in this discussion. Simple illustrations of the stress-wave shape during the fatigue test are shown in Fig. 5 : (a) R ¼ À1 and (b) R ¼ 0:1, respectively. In the case of R ¼ 0:1, the applied stress-field at the specimen is tensiontension, but when R ¼ À1, the specimen is controlled by the tension-compression stress-field. This figure also includes the amount of stress to form the deformation twins in uniaxial tension and compression. Since the yield strength in compression is lower than that in tension, the deformation twins form more easily in the case of R ¼ À1. The yield strength in compression and tension were 125 and 205 MPa, respectively. From the present microstructure observations and mechanical properties, when the maximum stress in fatigue test is higher than the yield strength in tension (R ¼ 0:1) or compression (R ¼ À1), the deformation twins are observed in the present fatigued samples (Fig. 3(b) and  (d) ). On the other hand, the microstructure observation revealed that the deformation twins are not formed in the samples (Fig. 3(a) and (c)) with a lower applied stress. Therefore, the formation of deformation twins was related to the between maximum stress and the yield strength in tension and compression.
Summary
The fatigue behavior and its deformed microstructure was investigated under a stress ratio of R ¼ À1 and 0.1 by a cycles under R ¼ À1 and 0.1 was about 120 and 90 MPa, respectively. (2) The formation of deformation twins was related to the between maximum stress and the yield strength in tension and compression: the deformation twins were formed in the sample ( max > ys ) and showed no deformation twins in the sample ( max < ys ).
